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(54) iwnn&fr'l h 

(57) [®fa] 

A3SPJ)f±, 

*TJk#iWflSOTttBMS&«&SU lWLfctti«:i 
*thn 

TDNAii»£)S|St$-Br > SugiSt£;ft7;:DNA0£-&ti‘Jg 
^{CT7W=i— /HgSr)jnx.TDN A®Srtfci®§-B:5 ~ t £ 
iRf@[i:1-5DNA^}4ffl^fe®.U:dry 
12WR:] **BJI±DNA^Jitiii®@(C»T, W«8^ 
coft)? (7 h b fc'y ^’^FJSrfflV'-S ^ t (C J; 9 .. •?:< T> 

Sg-CtttHS^trxSro-e, ttffli§ST?WDN A#K<z>« 

(g, Stereo 

*§*, 

t?#5„ $7t, ik®K 

MtcfW£*aa-f s r t as-e# 5«?<o£.i;:;s$--c<g£>-c® 

*v;fc3g Strife >9 »f^tc*^-f 5 1 r 5A&33S93t*;fe 
5« 
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[f$f?it*tf>®ffl] 

[ft*®l] 

fWfa<z>iW&l&&®®U ^WUfc»^Sr**s Ki-# 
Bffittsu t m &m^mmmx!nmi,xmmRx^mm&w 

•£r«&gLfc«, ^^hDt'y^^Jir^S-fr-CDNA^ 
®K&E$fXfcDNA®£^tfi£?£l-7Vy=' 
— /vg$r;!mx.TDN A®£i£«$-Sr5 r t 
DNA^tttU^ifeo 

[ft*® 2 ] SBiasiSr®*-r5fc*w#ffi»tt^id 5 ^ 
ft*® i iria*oDNA^» 

[ft*® 3 ] ft* J-'s&fttBiS&Mtsxi) 

f;U7i=yi/x-r^Tfc 5 , ft*®2lcie&co 

DNA^ttaa^fe. 

[ft*® 4] 

tt&WJ&'f 5 , ft*®l~3©tT 
n^icsasgcoD n Aiatam 

[ft*® 5 ] l£-f *Vte#BfiH4#Ja 5 Kt^/MSS®?* h 
y>?A (£1T, SDStB&fS-r*. ) -Cfc5. ft*® 4 
D N A^ft&ffl^&o 

[ft*® 6 ] KX-h 

5, ft*®l~5«D[pm^(r|H«ODNA^ttm*)feo 
[ft*® 7 ] h ]) ?AT-£> 

5, ft*® 1 ~ 6 <D{5JH/W-I2«©D N AiCftW^ife, 
[ft*® 8 ] T/W=f— /wfgaW y^D^V- 
ft*® 1 — 7 ©fpTixAM- IB«© D N 

[it*® 9] ®»8&ffll*flfcS^*;fc*©#raiS«=*!L © 

®®6 

£t?SMi, ®Atbn tTy *M&0'©TA' = — A««:£ 
A/-C^5^i:Srfttgci:*5, MIft#i“5.»DNAi 
»ffl*y ho 
[ft*® 1 O] 

ft*®9i-12««DNA® 

attics' h„ 

[tt*®i i] #m ') 

Asx.— TvV'Cfc-s, ft*® l o (cfE 
®<£>DNA®}4tH *rv ho 

[gt*®i 2 ] mmRifmm&mzi&mi-ztzftvfrffi 
si4fJ^'i'*> / 'i4#aD^tefJ-efo5> ft*® 9 ~ i i 
CD® ft;W£f2^<DDNA#M4ffi=¥y h„ 

[ft*®l 3] S D S Xhi>, 

ft*®l 2U:fEffi<DDNA®flaffi3r-y h„ 

[ft*® 14] ^K-Cfc 

•5. ft*® 9 ~ 1 3CO®^tcSB*ODNA^f4ffi^y 
ho 

[ft*®l 5] 

fe5, ft*®9~l 4WWV/WCf2^CDDNA®atti= s h 
y ho 

[ft*® 16] T>V-a-/VW,1M Vrf'a/<J—)VX^> 
■5, ft*® 9 ~ 1 5 ©{BJfxri^faSfc© D N Aigttf&ttl =* y 



ho 

[000 1] 

[firo? *^Bt(4^*.®^e>WDNA^cott 
w**fe&t«*wtfy hicM-rs. 

[IS^OWf:] 

JL, DNACD^S^liite^^S^ifDNAroSS-fC® 

t h coatee 

^W*5W^ s tfi3hiTV'5o */c, 

t h^fp— r£7-Y;*A^seD^-f7i';*t£ 
gjjg, MSS, jii^^©ite^JSiO^»rSr, DNAfr» 
WLT^y^&a^jfiS/U-ft^oofc^o Sfc, th 
■ff / hScft^$tv5*5lc. thoil 

ett»^t?«T'r5W9Et,®A,ICffh?iX-CV'5^ i 

£#W*5i-f4^£<>itTI-ie5H L w:t£®$:{fcofc£* 
yy ADNA^r^SSt-fS^il^&So b^L!fci5P)IE^ 
4fttI4t), ftlct h(cft*$ixSit!^ 

»®DNA»?(it«, R#Jftf£S$KJ:oT££K:SU 
®r£*vCL*5;fc«>, +^ttIfraoT'b > ;fe<S*£ 

5» D-7f>WS6Ii s iii:DNA^i 

Sg-g-L-CV'5/c*, zi%bm&&’S:e>f& : £8iith&mx 
$>*). ^*DNAifr!ft$f*5Ci:i±r*#/cCV'. 
[ 0002 ] uttzoumn, wz.t£MB& : kV>)mtfyi l c, x 

fcffifQy^S— yi^> 

V'-?T N Aifr« J 

Micjt/yAy 0 "y hy'y y-f — (-* 

tSlW-Cfe-5 IJ ,74 

~80H, 262~270H, 1975*£, A, 

f£-<?-=3.7VH , 20~23K, 1985-*, fgggtt, ftt) „ L2> 
L-, dfxe><7?^fe-C'i4y^y— /k yBD#;wAf;fi 
W«®(K®tDNASSr^^#i-5 
B-v h^77-f — £rfr 
tV'-Bfc^^C^^o-CV'5„ Sfc, 
DNA^lC^^o^SWiett^i^V'o 
fflafcDNAJiSrS'JroSSglc^U^x-SWtA i&ra^Sg 

fW£l# -<7A d*t 

£>&B®^<D:*1-3feDN A^iSAb'C L* 5 2>. 

*fc, -^?><7)ri:t>DNA®<7>attl^SrS< b-CV' 

®mvk&h'). B-om'semm&fflxhzrziib' &m 

©*fc^#^ tcy^y 
— i7 — 7K ^y ysf®7i /- ^ 
L7t©-a'i-i±, 

rty.7 i /yie-&3?.ttDNA®<0?il1S^-a-SrM^$-€:-C, g? 

U7ti9i-5, ^coBfH^s, * 
fc, y B o -f ^ S S> 

Sfc*, 4WBB>l=f«*lBr-t-?r«tt!»*>aiV'5l«WI 

st-tty ^ y 
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tv'5 raises *>a. 

[0 0 0 3] — 4-V 
£W-f#:4bnt4y?ajasga^tt&J©— o£ U-C*P<b 
JVCV'fc. *Jj-hPf3/;?»JI47K(-^L.T*^-hatf 
y;5"l , :4y£#cttib, 

jsy, let©!^, ^aeK^wstaicfflv'bH-cs 
7c„ La>L&as^ 3£3fc(4» 7i;- /ncf±«riaL.fc$n 
#«*©|0Jg^fc5(ct>8l:fc>b-r, ihjSe^wDNAft 

•3, #37 bn l7y7#J£rlfcffift<fca»fe©DNAftffitCffl 
V'i 5 fc-f‘'5W^B:^*'e*StvTV'*a»ofc„ 

[0 0 0 4] 

[?gW©Stt] *36^(4±ieX^Sr«?*U DNA#C£ 
i§5#?-©4 * -ciumsicaoSB icftaj-r 52r*fc.s.T7» 
«*y bSrtiifc-rsritrSWi-f-S. 
mmnmfc] «^i4, £jk&&<£ic#B?&te£<J&a 
tt$-arTJk^«3ia©iWiaMSr5£®u, mm L-tzmsfam* 

m*. jsi^#®ffii4^jtse®^f5figT-«iauT«^ 

fi. O'^ge®SrSS?«U#:«, 

-ti"tDNAgC£ig|St$-£\ S£iSI$££4tfcDNA&£:^t? 
Jgi&lcTA'n — 7MS£ft4.TDNA8S£rtfcJg£*5 w t 
tftmt-tzDN AmmtiiJf&n&wxjbZ', 47t, * 

T*8ge«&iRiiH-5fc»©#siffitt3J, 
lit, ®**tn\?s,?MRXf©Ts''=>-*m&$AyXlS. 
ZXt&ft&k-tZ. £jk?8:ft#:d>e>©DNAg(ftffi* 
V h<D^^-Cfc5. 

[ 0005 ] 

^(caai-.5*-teicov'Tii®gf5s»^m. DNAi 
fttii©i®&tcS£-C, &&<D7x.S— >V, yncufcA'A^P 
©W8®S®£rffl©5tt*3 <0 (C##- b n (4 s/ y SUSP'S 
rtaSBjtgft- tSrJLfflL, Hie, 
teffli-S-iieJ:*), 

Sr^ffl HtSwtmsot, 

et, DNA®Sr{sna^BUcD^§g|c:^u^4.5r t*< 

*u ©a> t» 47?ra c.?s»-ctt * s ©-?, 

DNAilftffl®gle;&i75DNAf8©««, ^©feEfc 
ttSrg/J'ISICifcfefen'SCli:. Hie •?:©*£;*:, ffi*©7 
^ / -/v£/fH'7cftWifcieifc^Ti§#^©D N AgSSri«S 
tt&-eftttJ-T?#5Cl<!:3rJiA'fcttU 

SiJofc. 

[0 0 0 6] tt 

14, -*MeiifflJ&, 

5t>W-Cfcix«, K^^ttJ^BJSttiSU, 

#le0!;£$4v5e: bt£<mtf f,n5#, ^{fctotettm 
(4 Kf s ->A' by y f;ur y^iJ'AT’n § K, K^v'/w 
^>^7^=9^713!) K, -fe^vi'b y **f->V7 
^=,>^70 5 KfcS'CtyttfiMJ, Kf'T' 
7H5SK4- b 9 C>A(^T, SDSiB&ia-tS. ), =— A' 



SST-by^A, ^dr-yn— /Vg^b y >7A, N-y^n 

^,UiJvi'=t,»4- b y 

iKy ^=./W3.— I 4 A- (tB);t{4 

n — A TVK *ttiSiS£ : by b^X-lOO^) , 

b (0H4.J4 

7£Kft)ig.S£ : b*-f— V20«« , 

b (tajx.(4?Ei(«)Bp D D iS : 
!7-f— yso^) , n-49fA~3-D-7A'=i'F§ON 
34>#B?£te&U CT^(43-[(3-=> 5 5 K7o tVv) -77 
7^77^= 4]-l-7n/<y^;i'4^- b, *77rf 
-y/Hn* 7-/V-T 5 7^©ffittfISttSI^04 L < ^ 
IfbHSo ‘P'e'fc, 1#lc-0iJ^l4ik«iBBJ!aSrm^i-2.^{- 
14 4? y uy ;*-=*• ^vv-7 x.=./uai— 

J 0S*rfg6ff$M?»ifci#K:# 

M&t7#sg 6 jt £5KM4- 5 ^ ic 14 S D S & <D m^f * >"14 

wne>®«6ffliSSt 

L-TI4, teffi-43#B7£tt#J©»Sfe4y#4>M7i:3 
*s, CT4t4ifc«wsa&®E^-r5#Bett^j<7)^a-ic(4, 
*£&*©«£ tLT, ii^O. l~ 3 %©©g«SBa^t4 
btiZo 47c, 5SR»#F*SSt^«»LRtmgeSf 
Sr«R«-f5#BStt^J<7>#-^t-14, ]§*£+©#& fc L 
-c, a^O. l~3%©jgS«jBas^lfk4i-£>. 

[0 0 0 7] #3&B»ei&TfflV'k;K,5® 

LTI4, mz.tsxvT'i-t— t?K, 7Bt- ifxttyy 
Atf^^if bftsa^iccftbieis^^v',, 4 
7c, UT14, a# 1 ~10mg/ml©® 

ffl-C-ffli/'t>4i5„ bo tb;/ 

y^Ji:b-C14, — »{c#^- bct'yy^Ji: L.X*nbi%X 

i/'5 4 5 7i, Lfc8glC*4 b b y 7 -f 4 

>• l*©^-Td-y) i^ 

7ktt^©7K^tt «r*S AO $ -& 5 fbffl # V X u > S t> X> X 
font4#lc|SS$4tS 

l4^xf44 5lbT7i-#y, 7477^177=77, iS 

mmmtDrw'j&mm.. h])7^°mm<r>r/^u 
&mi&, b y 9 a a &&CDT/ 1 '# V 
T's&aoTtvu y ^jsia^ds^if bits. me>r/v# 
y ^«m^t44 y ic»i75T/7# y ^a© 0 !i 

t LTI4, W4.t4y ‘f-v a, -b-byy'A, #y?A^a* 

ptffetvs. r4t5>#^- b^-t p 3'7 r ^J©ttffli@at4, ^ 

i'544boe •y?M(ommiz& <9&'Pg,t£Zi>K —tst 

icm&'W&g.k U'C2~6M©®ffl-C-fflV'P>4v5„ » 
1C, 4 5bb4-by '7A§rffiffl-f-5®^-lC(4, 

5~ 5 MOli k 7c5 4 5 (Cl£ffi-r 5©45»* 

bv\ 

[0 0 0 8] 3^^B^{cJ^TfflV'>b4i-5fttli®?S4 ] ^ i 5>D 
NA«2ret3g$-e:5*-ffit UTI4, fi3J4.l4DNA^tttb 
^M(C, 4 77n/NV-;K 7 — /7^©T/7=— JV 

*Sr»lb, DNAlKS-^Wtcetag^-BrSCtlCi y 
DNA^^EHIX-tS^&^^tffeHao 4c^BJtCi^T 
ft W^'f 1 *'b D N A^ SrttK $ -& 5 BBfcffl V •> (bfb Z> T 
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A-=> — >V%b UTf4, 

W^-r £ ri4< mtf bti 

a a*. gfrmazmiuiJ y^o/V-;K ^yy — ^ 
m<r>r ;\'^->vWi.ftm-f hfr. mc'f yy’n-'-v-^as 
#£L<fflV't>*va<> *fc*#hPt>?|iJttTj;5 

ik-r h ]) mc'f yy'a^y — /u 

^rfflV'TDNA^cottffiSrff 5 r. t)SfS bv\ r. 
nbV&Ri&mt LTtt, DNA^^TK^A'bitffi-r 
5 J: 5 

[0 0 0 9] #3gWc£-cfflV'e>;ix5> 0D#l4ig®#« 

vmmmtLxrt. m%z<DftmT-mi'bth- cv^t.® 
co‘f^e>iia3:51^L-TfflV'tLlii<. 

btizmmfrb JiSjS^-rnHtJs. y 
a„ mjtffi&ffifflt lti 4. y^y^ 

ig, hy A(t Kn^'yy^/w)T5yyyy (E^r, h 

y AingiE-r^o ) . ^y '>y^aw*u<^ife>n, 

LTI4DNA<OjSK$r$£lf#<''tSB4?$> 

1 ~500mMro®HAW 

(igWfSI^tf) (DpHtLTIi. DNAgi©)g8l£rfc& 

a^2~12© 

ffii. iitt. L< l4 7~9©tiSBa»bi8:i:il#?£i4-5o JE 

f£#ICI4, DNA^C0^fK^)^&B ; <i‘5fc«>IC, #]4_ 
«it-fb-^hy ^a. mpb^y^A. igte-vy^-yyA. 
$g-rty ^yA^coffis^^^stLxv'T'bav'. 
F>y)^7K©?S c t , C)igSi: ttli, DNAfKoiggSSrSStf 

* v ^s. <r>m 

&t Lra^- 1 ~500mMy)®SH-c i i^®ic:(t;cx^JD$^ 
5. 

[ooio] ra, ^wiasitmti^yy^T ^ 

Egt^ (EiT. EDTAi B&IB't' 5« ) l®DNa s e 

tm m.mm<Dwm\cx v mkz 

as, Mt«EDTAlrfflV'5f^Cll -*©&{£!-» 
iiZ&mi&'W&g.k ttif l ~200mM©«6H*SfiF* 

i,<mfbi%z>', 

[0011] &?&vmc&Z>DNAm<Ottiai%&&M?#&) 
ic^-Tir, #]x.[iTSe©*0< \zteZ>„ U7tifci£i*Pf 

^±iico*s (edta, —^y '^(DfctsL.m'mmn*: 

-&A/-c*v'-c>bJ:i') 3*?y ^-^r'y^yy^-y^y *=■ 

e-cal^ 

laWbfct, iS<fc#®t£rm\ l«#£^tfitJg:ife 

£#S„ 

©#SBStt^JS.U ! y'n7 i ^-y — fK§©/ofr- feffc 

upxT-s^rafeab. ^aew^srfi&g-ra. 

jggv'-cj; oik-*- v y yA^(D*± h n tr yyiirinit 

DNA©ffltbx4^ (%) 



2I-g-Lfc*£, yT'p^V- ;^©T;V3- /HgSrAnx. 

TDNAgl&tfclg, «Sif5 0 #389XD4ja;i4, Wjx. 

i!fil«St5fci!>©#iS© fJ, 

PSt, ®*^-hnt"yy^JS.tE(Dr/w=>— 
fcHrcj&sf£3g*'.y h&ffiv'TSilSl-ariras-c^a,, 
[0 0 12] #389114. 

-faj&Sasft < ft 9 „ 

&ofc4c&Kt&f£#|iiasf*l!^bU DNA®«^<Dy6;|5fc 
ttSrft/MBl-ihft. ffi^l-iiS^-f-^'DNAPSrKilX^ 
ti'5-ti ! tS5 = #389)y>ttttl:£’&K::K''CIA, Au& 

a z. t (4 

£>I&-C;feaas, ^ifiLSrfflV'Sr AiiKt* 

BBicjkj^^^iaa-rS - t as-?£ a^lcJS'T 
ffiftfc389J-Cfca<, £7t, #^PJt0^fe(c4 yftittlb^: 

DN A£Sf4{’i|4.t4P C Ri£ (Polymeraze chain reactio 
n) rtf>#S?f4i>*>a>A,. »JI®gfJif1S)®r 

SIS. iMfyy'ay 

[0013] 

[Hife^J] 

HiSm. fc h$r»±Al.O. 5 mltC-y-y*n — A&O. 32M. 

ffi[t;-^y'#'>yASr5ii*!. #y i^y^y 4 - a- 

i %, r yfc# h y y asto. 2%-^ 

tylOmMhy *-m.m®Wm CpH 7.5) SrO.SmlSPxrilS 
-a-bfc. 12, OOOrpm, 20fJ>, 4t:-CS'L'5>StU 

4c„ -<y y Mcjiiao^faes- imiiD4.x. 

— y'S^r-y— (MT-360, h 5 — fill®!) IC'C®# Ufc„ 
SSa'b'^PH^TV', ±«?r®y^V'fc„ Stcr<0)5fci^ 
aif^SriiHij^y life. s^v'x#e>nfc-<y v ht-i% 

SDS. lni( EDT ASr-^tflOmM h y A-^g®Sg»iS 
(pH8. 0) 200p Ii20mg/ml©y"a7"y 4— -^K 10/il 
■&mto Efc^. 37 < C-C60^PflSJS$'ti:4c„ *:<»'&, &#?• 
j@S4. 5M04 oiki- b y >yASr*nx.®^-Ufc^. O. 5ml 
4 y^a/<y — /PSrDn4.?B^-L-fCo 12, OOOrpmtCT. 10 
DNA5:tt;iB$-&4co -h^SrJi'C. it 
iRlC40%4 y^n^V — /w$r 1 mlj&OD UTi Ki^Lfc^g; 
iMll, DNA*#fc« #P>ti/cDNASrTEi^W?g 
(EDTA^rlmM-&tf, lOmM h y pH 

8.0) icwa&a? ET. #P>n-fc^O260nnilC^(4 5® 

^SrjAJSEDNACOftta^^^ttlEfCo r<D 

Ktg^^cEtjiCdMtT. #64t4cD 

NAy)^#*S-iiJ®L.fc» ffi. dna 

coliU) ^1^(4, 

[^1] 



= D N A iRI + ( K*4 C P © BAUCIS x 6 p g) x l 0 0 
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it) t hisaa(ajin.^) uss txo±DNA*tt6 t“=i^ 

7Atfc5. 

[0 0 141 Jfc«m. «6?fci£ (7aiV--yi'«:flH'fc2r 

&) 

fc hfrP^lfcfW (EDTA«B) 0. 5mllC N If s' 27 n 
— x£64mM, /tfy ±=*-~7 :e- 

\s'sHr9 zc.=-/U^. — -7VU£-2% (w/v) ■§tp20m 

(pH7. 8) <Sr0.5mliP^.fCo 
SS*-C2|g!C*S?Ufc±IEi^®f®0.3ml^*DX.. 
*4C«#L/c 0 TkTK'f’CS h L7t^ 

2000rpm"C30^ra i 4‘CT-ig'L'5>Ki 

y y -<y y h ICNaCl £75mM-^tr24mM EDT 

A?g$:£0. XtC-tSHEDTA 

*§?££ 0. ln>liPx.TSg®^, BiJ©S^K^E7t„ tmid 
20% S D S 5 t10m 1, j^V'-CO. lmg©@fl?7 'n-r -f±— -tf 



K&flPx. 37^2? 2 BtIBKJS 0.21ml<9 

Tk^fP7 3iy— A'&SPxTS'a^E 2000rpmT-105>RiJSS 
±>#81 U XlE^y-A-i* 

tasf^srsssyjsbtr^fc. 

T s tKOIB 7 m / — >V— 7 a odvEA (=l:l(v/v)) 
1?2 0>7KiSfP7no±/i-'AT?3[£!k 
fc„ &V'2^&|ctgV'^77— A'£;taxTDNA£ri£li: 
£4tfc®, ^±>#8tEX\ SWODN A£*§fc<, #&*!< 
fcDNASrTEig»®(CWS^«f Ut> #e>*T-7t*Sl&© 
260nmM»ft?>®3teS&®5tU ffellfcDN A»£rji] 
SET. ±I2»M5£J:yDNAro}4a^p£^ttiEfc. 
Sfc, HeDSJ7££v-'VW7 7 w— A' KflH5C&Sbl£/& i ttt\ 
#b*±cDNA<7)#^:i;£il9J£Ut. *S**r* 1 te0H* 

[Stl 1 



1 





usi^i i 

. 


ib&m 1 


$9ff5B#B3<B#fia) 


1. 5 


3. 5 


y i / — ii/ {£ 


m l 


mv 


D N Aftffia$(%) 


95 


59 


OD 260/280 


1. 96 


1. 54 


D N A #?fi 


7. 5 x 10 s 


2. 5 x 10® 


( 7“ A- h 7) 

i 


~ 3. OX 10 7 
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Japanese Unexamined Patent Publication No. 1994-205676 

[Title of the Invention] An extraction method for DNA from whole blood and an 
extraction kit 

[Claims] 

[Claim 1] A DNA strand extraction method wherein there is destroyed the cell membrane 
of a hemocyte by bringing a surfactant in contact with a whole blood specimen, 
collecting the exposed cell nucleus, and after destroying the nuclear membrane and 
nucleoprotein by further processing using a surfactant and proteolytic enzyme, the DNA 
strand is liberated by bringing into it into contact with a chaotropic agent and the DNA 
strand is precipitated by adding alcohol to the solution containing the liberated DNA 
strand. 

[Claim 2] A DNA strand extraction method according to Claim 1 wherein the surfactant 
for destroying the cell membrane is a nonionic surfactant. 

[Claim 3] A DNA strand extraction method according to Claim 2 wherein the nonionic 
surfactant is polyoxyethylene octyl phenyl ether. 

[Claim 4] A DNA strand extraction method according to any one of the Claims 1 -3 
wherein the surfactant for destroying the nuclear membrane and the nucleoprotein is an 
anionic surfactant. 

[Claim 5] A DNA strand extraction method according to Claim 4 wherein the anionic 
surfactant is sodium dodecyl sulfate (hereinafter referred to as SDS). 

[Claim 6] A DNA strand extraction method according to any one of the Claims 1-5 
wherein the proteolytic enzyme is protenase K. 

[Claim 7] A DNA strand extraction method according to any one of the Claims 1 -6 
wherein the chaotropic agent is sodium iodide. 

[Claim 8] DNA strand extraction method according to any one of the Claims 1-7 wherein 
the alcohol is isopropanol. 

[Claim 9] A DNA strand extraction kit for whole blood specimens wherein there is 
contained © a surfactant for destroying the cell membrane, ® a surfactant for destroying 
the nuclear membrane and nucleoprotein,® a proteolytic enzyme, ©a chaotropic enzyme, 
and © alcohols. 

[Claim 10] A DNA strand extraction kit according to Claim 9 wherein the surfactant for 
destroying the cell membrane is a nonionic surfactant. 

[Claim 1 1] A DNA strand extraction kit according to Claim 10 wherein the nonionic 
surfactant is polyoxyethylene octyl phenyl ether. 

[Claim 12] A DNA strand extraction kit according to any one of the Claims 9-1 1 wherein 
the surfactant for destroying nuclear membrane and nucleoprotein is an anionic surfactant. 
[Claim 13] A DNA strand extraction kit according to Claim 12 wherein the anionic 
surfactant is SDS. 

[Claim 14] A DNA strand extraction kit according to any one of Claims 9-13 wherein the 
proteolytic enzyme is protenase K. 

[Claim 15] A DNA strand extraction kit according to any one of the Claims 9-14 wherein 
the chaotropic agent is sodium iodide. 

[Claim 16] A DNA strand extraction kit according to any one of the Claims 9-1 5 where 
the alcohol is isopropanol. 
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[Detailed Description of the Invention] 

[ 0001 ] 

[Application Field of the Invention] This invention relates to an extraction method for 
DNA strands from whole blood and to an extraction kit. 

[Background of the Invention] In order to investigate the sources of diseases which occur 
in abnormalities of DNA such as with hereditary diseases or cancer, research is 
performed for the prenatal diagnosis of genetic illnesses and the discovery of carriers, and 
polymorphic DNA. Such research extracts and analyzes human genes. In addition, for 
example, recently methods which analyze the diagnosis of viral diseases such as hepatitis 
B and human papilloma virus, neoplasms, and hereditary diseases such as blood diseases 
and analyze DNA continue to flourish. In addition, as represented by the Human Genome 
Project, research which analyzes all human genetic information is prospering. 
Consequently, it is necessary to prepare unaltered genomic DNA which maintains 
macromolecular conditions without damage for gene analysis. However, DNA molecules 
of higher organisms, unlike prokaryotes and eukaryotes, and for especially humans, are 
massive, and in order to easily extract by stirring and the like, even being sufficiently 
cautious, total breakdown occurs, and extraction of the DNA molecule is impossible. In 
addition, nucleoprotein, such as chromatin, is strongly bonded to DNA molecules. It is 
also necessary to eliminate these proteins, so it is not possible to prepare perfect DNA. 
[0002] Conventional methods process cells physically or using surfactants, and after 
destruction, there is elimination of the impurities by using organic solvents such as water 
saturated phenol or chloroform, and following, there is a method which precipitates the 
DNA strand in a solution using alcohol, and further, there is a general method which 
purifies by column chromatography (Biochemistry Experiments Lecture 2, “Nucleic Acid 
Chemistry I”, p.74-80, p. 262-270, 1975, Tokyo Kagaku Dojin, “Genetic Operation 
Manual”, p. 20-23, 1985, Kodansha, others). However, with these methods, it is 
necessary to use phenol and chloroform, and they have the shortcomings of requiring 
time and effort for the separation operation of the organic solvent layer and the DNA 
layer as time and effort is required for column chromatography. In addition, because 
actual execution is complicated, there is a high probability that the DNA strand will be 
damaged. In addition, because the DNA layer is repeatedly moved and changed into other 
containers during extraction, when the containers are contaminated by bacteria and the 
like, there is the danger that foreign DNA from these bacteria and the like will mix. In 
addition, the extraction efficiency of these DNA is poor. Furthermore, with the phenol 
which is used for the extraction operation, conventionally, there is © toxicity, and 
because there are strong protein denaturation agents, injuries will occur, if contact is 
made with the skin, and © phenol denaturalizes while during preservation so when a 
phenol oxide is generated, such as dihydric phenol, quinone, and the like, these oxides 
open the phosphodiester bonds or the cross-linking bonds of the DNA strand, 
denaturizing the nucleic acid strand. Other problems exist because of anesthetic actions 
which take place with the use of chloroform or diethylether, and when used, there is the 
possibility of poisoning. Also, solutions, which contain phenol or the previously 
described organic solvents, necessitate restraint when discarding. 

[0003] On the other hand, chaotropic agents which produce univalent anion of large ionic 
radius are known as one protein denaturalizing agent. The chaotropic agent emits 
chaotropic ions when dissolved in water, whose action is known to weaken hydrophobic 
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bonds, although chaotropic agents have been used for proteinic denaturation and 
extraction of membrane protein. However, conventionally, phenol, without remarking on 
the already expressed problems, is included in general methods where it is used as a 
protein denaturizing agent in the extraction of DNA in the blood, though, up to now, 
experiments using chaotropic agents for the extraction of DNA from blood specimens 
have not been made. 

[0004] 

[Object of the Invention] This invention solves the previously described shortcomings, 
and has as its goal to provide a method which easily and with high accuracy extracts 
DNA strands as macromolecules. Also the invention provides an extraction kit. 
[Constitution of the Invention] This invention is an invention for a DNA strand extraction 
method wherein there is destroyed the cell membrane of a hemocyte by bringing a 
surfactant in contact with a whole blood specimen, collecting the exposed cell nucleus,' 
and after destroying the nuclear membrane and nucleoprotein by further processing using 
a surfactant and proteolytic enzyme, the DNA strand is liberated by bringing into it into 
contact with a chaotropic agent and the DNA strand is precipitated by adding alcohol to 
the solution containing the liberated DNA strand. In addition, this invention is the 
invention of a DNA strand extraction kit for whole blood specimens which is formed by 
including © a surfactant for destroying cellular membranes, © surfactant for destroying 
nuclear membranes and nucleic protein, © a proteolytic enzyme, © a chaotropic agent, 
and ©alcohols. 

[0005] That is, the inventors, seeking a process which effectively extracts nucleic acid 
strands from blood specimens, as the result of diligent research with processes for DNA 
strand extraction, have discovered that it is possible to use chaotropic agents in place of 
organic solvents such as phenol, chloroform, and the like, and furthermore, by using 
chaotropic agents, because it is possible to abbreviate in the future processes which 
eliminate organic solvents, the invention can shorten operational procedures. Because 
there can be performed an extraction operation using the same vessel from beginning to 
end, not moving repeatedly the DNA layer, the risk of damage and contamination to the 
DNA strand in the DNA strand extraction process can be constrained to a minimum. 

Thus, the effect of this invention is the discovery of the ability to extract with a high 
degree of accuracy DNA strands of macromolecules, compared to extraction methods 
that used conventional phenol. With this discovery, the invention is complete. 

[0006] The surfactants that are used in this invention, generally, if used for nuclei acid 
strand extraction from cells, bacteria, etc. have been cited as cationic surfactants, anionic 
surfactants, nonionic surfactants, and amphoteric surfactants, etc., though not especially 
limited to these types of surfactants, and concretely, for example, cationic surfactants, 
such as a dodecyltrimethylammonium bromide, dodecyl trimethylammonium chloride, 
and cetyl trimethylammonium bromide, and sodium dodecyl sulfate (hereinafter referred 
to as SDS), anionic detergents, such as cholic acid sodium, sodium deoxycholate, and N- 
lauroyl sarcosine sodium, polyoxyethylene octyl phenyl ether (for example, Rome and 
Haas trade name: triton X-100 grade), polyoxyethylene sorbitan monolaurate (for 
example, the Kao Corp. trade name: Tween 20 grade), polyoxyethylene sorbitan 
monooleate (for example, the Kao Corp. trade name: Vienna 80 grade), amphoteric 
surface active agents, such as nonionic surface active agents, for example, 3-[(3- 
cholamidopropyl) dimethylammonio]-l-propanesulfonate, such as an n-octyl-P-D- 
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glucoside, and phosphatidylethanolamine, are mentioned preferably. Among the 
chemicals mentioned, especially when, for example, for use in destroying hemocytes, 
nonionic surfactants such as polyoxyethylene octyl phenyl ether, along with proteolytic 
enzymes, are preferably used as well as anionic surfactants such as SDS, when destroying 
nucleic membranes and nucleoproteins. The concentrations used are of wide variation 
according to the kind of surfactant used. For example, for the case of a surfactant which 
destroys hemocytes, the concentration within the solution has been cited as normally 0.1- 
3.0%. In addition, for the case of using proteolytic enzymes with surfactants for 
destroying nucleic membranes and nucleproteins, the concentration in the solution has 
been, cited as normally 0.1-3%. 

[0007] The proteolytic enzymes that are used with this invention have been cited as, but 
not limited to, protenase K, pronase, or lysozyme. In addition, the concentrations that are 
used are normally in the range of l-10mg/ml. The chaotropic agents that are used in this 
invention generate chaotropic ions (univalent anion with a large ionic radius), generally 
known as chaotropic agents, when added to aqueous solutions. If used to increase the 
water solubility of hydrophobic molecules, agents can be cited, but are not limited to this 
action, and concretely, the following can be mentioned: iodine alkali, thiocyanic acid 
guanidine, alkali-metal salt of perchloric acid, alkali-metal salt of trifluoroacetic acid, 
alkali-metal salt of a trichloroacetic acid, and alkali-metal salt of thiocyanic acid, etc. As 
an example for the alkali metal in these alkali-metal salts or alkali iodides, lithium, 
sodium, a potassium, etc. are mentioned. The concentrations that are used for these 
chaotropic agents, vary widely according to the kind of chaotropic agent which is used, 
but, generally, the concentration is in the range of 2-6M as the concentration within the 
solution. Especially, when using sodium iodide, a preferable concentration is in the range 
of 3.5-5M. 

[0008] The methods of precipitating the DNA strand from within the extraction solution 
which is used in this invention can be cited as methods which recover the DNA strand by 
adding alcohol such as isopopanol, ethanol, etc to the DNA strand extraction solution, 
then specifically precipitating the DNA strand. Alcohols which are used for precipitating 
the DNA strand from within the extraction solution in this invention can be cited, not 
being restrictive, as those which have the ability to specifically precipitate the DNA 
strand. More concretely, alcohols, for example, such as isopropanol, ethanol, etc. have 
been mentioned, though isopropanol is preferable. In addition, when using sodium iodide 
as a chaotropic agent, it is especially appropriate to use isopropanol to precipitate the 
DNA strand. The concentrations that are used are not especially restricted, as long as they 
execute precipitation of the DNA strand from the aqueous solution. 

[0009] The reagents which are used in this invention, such as buffers, may be 
appropriately selected from among those that are used conventionally, and the 
concentrations used can be within ranges which are appropriately and normally selected. 
For example, as a buffer, phosphates, citrates, tris (hydroxymethyl) aminomethane 
(hereinafter referred to as tris), and glycines are preferable and have been cited, with the 
concentrations to be used, not especially restricted as long as the buffers do not impede 
isolation of the DNA. Normally concentrations in the range of l-500mM have been 
mentioned. In addition, the pH of the water (includes buffer solution) which is used in the 
extraction operation is not especially restricted as long as the pH selected does not 
impede the isolation of the DNA, with the citing of pH in the range of 2-12 being 
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considered normal, and 7-9 as preferable. Furthermore, within aqueous solutions as 
buffers which are used in the extraction method of this invention, in order that good 
separation efficiency for the DNA strand is obtained, salts are added, for example, 
sodium chloride, potassium chloride, magnesium chloride, and lithium chloride, etc. The 
concentrations of these salts within the aqueous solution are not especially restricted as 
long as isolation of the DNA strand is not impeded. These salts are added as needed to 
the aqueous solution, with normal concentrations in the range of l-500mM. 

[0010] Moreover, it is normal and preferable to implement the invention under the 
coexistence of a DNase inhibitor, such as ethylenediaminetetraacetic acid, etc. 

(hereinafter referred to as EDTA.).The concentrations of these inhibitors differ according 
to the kind of inhibitor. For example, when using EDTA, as a concentration within every 
solution in one series of operations, a concentration in the normal range of 1 -200mM is 
preferable and has been mentioned in the literature. 

[001 1] The following discussion illustrates specifically the extraction method related to 
this invention for DNA strands. After suspending an extracted whole blood specimen in a 
solution which contains a surfactant such as polyoxyethylene octyl phenyl ether with the 
whole blood (anticoagulants, such as EDTA and heparin, may be included), the blood 
cells are destroyed, centrifugal separation is performed to obtain a precipitate which 
contains a nucleus fraction. Then, surfactants such as SDS and protenases, such as 
protenase K, are added to the precipitate which contains the obtained nucleus fraction and 
the combination is processed for a fixed time, destroying the nuclear membrane, 
nucleoprotein, etc. Next, after adding a chaotropic agent, such as sodium iodide, and 
mixing, further adding an alcohol such as isopropanol, there is precipitation of the DNA 
strand and purification. The method of this invention can be executed by using a reagent 
kit which is comprised of combinations of ® surfactants to destroy cell membranes,® 
surfactants to destroy nuclear membranes and nucleoproteins, ® proteolytic enzymes,® 
chaotropic agents, and ©alcohols. 

[0012] It is not necessary with this invention to use harmful organic solvents which have 
the previously described problems and instead chaotropic agents are used. Furthermore, 
because an operation which removes the organic solvents is not necessary, operational 
procedures are shortened and the risk of DNA strand damage is kept to a minimum. It is 
possible to obtain a DNA strand of a macromolecule in a short period of time with high 
efficiency. With the extraction method of this invention, of course, the result of isolating 
the nucleated cell from a blood cell can be made into a sample. Because it is possible to 
use whole blood, the complexity of isolating the blood specimen into each of its cellular 
components is eliminated, to give an extremely superior invention also from the point of 
view of being able to process blood specimens in a short period after extraction. In 
addition, the DNA strand which was extracted by the method of this invention can, of 
course, be used in the field of analysis by restriction enzyme cutting reaction and 
Southern blotting, as well as in the field of the clinical diagnosis which used the PCR 
method (polymerase chain reaction). 
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[0013] 

[Examples] 

[Example 1] Add to fresh human whole blood 0.5ml of lOmM tris-hydrochloric-acid 
buffer solution (pH 7.5) which contains saccharose 0.32M, magnesium chloride 5mM, 
polyoxyethylene octyl phenyl ether 1 %, and sodium azide 0.2%, and mix. Afterwards, 
perform centrifugal separation at 12,000 rpm, for 20 seconds at 4 °C. Add 1ml of the 
solution to the pellet, and stir in a micro tube mixer (MT-360 Tomys product). Perform 
once again centrifugal separation and eliminate the supernatant liquid. Then, repeat the 
washing once more. Next, after adding lOmM tris-hydrochloric-acid buffer solution (pH 
8.0) 200pl and 20mg/ml protenase K lOpl which contain 1% SDS and ImM EDTA to the 
obtained pellet, react at 37 °C for 60 minutes. Afterwards, add 4.5M sodium iodide of 
final concentration and mix, and then add 0.5ml isopropanol and mix. Centrifugally 
separate at 12,000rpm for 10 minutes, and precipitate the DNA. Discard the supernatant 
liquid and after adding 1ml of 40% isopropanol to the precipitate, wash and dry to obtain 
DNA. Once again dissolve the obtained DNA in a TE buffer solution (containing ImM 
EDTA, lOmM tris-hydrochloric-acid buffer solution, pH8.0) and measure the absorbency 
at 260nm for the obtained liquid, calculating the extraction efficiency for DNA. In 
addition, pulse field electrophoresis is applied to this solution and the molecular weight 
of the obtained DNA is measured. The results are shown in Table 1 . Moreover, the 
extraction efficiency is calculated as 
[Equation 1] 

DNA extraction efficiency = DNA yield / (white blood cells within the sample x 6pg) x 

10 °. 

Note: The total DNA amount per one human cell (white blood cell) is 6 pico grams. 

[0014] Comparative Example 1. Conventional Method (method using phenol) 

Add to 0.5 ml of a fresh human whole blood specimen (EDTA added) 0.5ml of a 20mM 
tris-hydrochloric-acid buffer solution pH 7.8) which contains saccharose 64mM, 
magnesium chloride lOmM, polyoxyethylene octyl phenyl ether 2% (w/v). Next, add the 
buffer solution 0.3ml which has been diluted 2 times using distilled water, and quietly stir. 
After incubating for 5 minutes in iced water, centrifugally separate at 2000 rpm, for 30 
minutes at 4 °C to obtain a pellet which contains a nucleus fraction. Add 0.1 ml of 24mM 
EDTA solution which contains 75mM of NaCl to the pellet and re-suspend. After adding 
0.1 ml of the EDTA solution and suspending, move to a separate vessel. Add 10 pi of 
20% SDS and next 0.1 mg of solid protenase K to the specimen, and after stirring, react 
for 2 hours at 37 °C. After adding water saturated phenol 0.21ml and mixing, 
centrifugally separate at 2000 rpm for 10 minutes. Then move the water layer to a 
separate vessel. Perform once again the phenol extract operation. In order to obtain 
extract material, perform the extraction operation, twice with water saturated phenol- 
chloroform (=1:1 (v/v)), and 3 times with water saturated chloroform. Next add ethanol 
following usual methods, and after precipitating the DNA, centrifugally separate to 
obtain the objective DNA. Once again dissolve the obtained DNA in the TE buffer 
solution and measure the absorbency of the obtained solution at 260nm. After measuring 
the amount of the obtained DNA, calculate the extraction efficiency of the DNA by the 
previously described calculation equation. In addition, pulse field electrophoresis is 
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applied to this solution and the molecular weight of the obtained DNA is measured. The 
results are also shown in Table 1. 



Table 1 





Example 1 


Comparative Example 1 


Operational time (hours) 


1.5 


3.5 


Phenol use 


No 


Yes 


DNA extraction efficiency 
(%) 


95 


59 


OD 260/280 


1.96 


1.54 




7.5 x 10 s to 3.0 x 10 7 


2.5 x 10 8 to 3.0 x 10' 



From the table, with the extraction method for DNA strands which is used in this 
invention, in comparison with the refinement method which used conventional phenol, it 
is understood that the operational time is shorter and that a high molecular weight DNA 
extract was obtained at high efficiency rates. In addition, if the value of OD 260/280 is 
1.8-2, mixing of the DNA strand with proteins is shown to be slight (Genetic Chemistry 
Introduction, pp. 43-44, 1986, Nanzando) and from the results in Table 1, according to 
the method which was used with this invention, it is understood that the DNA extract that 
was obtained with high refinement had little mixing with proteins compared to the 
refinement method which used conventional phenol. 

[0015] 

[Effect of the Invention] According to the invention, it is possible to obtain 
macromolecular DNA by only the addition of protein denaturing agents and alcohol to 
whole blood specimens and afterwards centrifugal ly separating. In addition, it is possible 
to reduce mixing with foreign DNA by performing the entire process of the invention 
using a single vessel. Furthermore, it is not necessary to have an operation which 
eliminates solvents, because there is no use of organic solvents such as phenol, so that 
damage to the specimen is slight. Consequently, it is possible to extract DNA strands 
with high efficiency. In addition, with this invention, it becomes possible to recover 
genomic DNA as a macromolecule by avoiding mechanical cutting of the DNA strand by 
a pipette in organic solvent extract operations. Because of the above-mentioned points, 
this invention is an especially superior invention which can significantly contribute to this 
industry. 



7 












■I 



WRITTEN AMENDMENTS 
[Filing Date] January 21,1 994 
[Amendment 1] 

[Document Amended] Specification 
[Item Amended] 0001 
[Method of Amendment] Modification 
[Amendment Details] 

[ 0001 ] 

[Application Field of the Invention] This invention relates to an extraction method for 
DNA strands from whole blood and to an extraction kit. 

[Background of the Invention] In order to investigate the sources of diseases which occur 
in abnormalities of DNA, such as with hereditary diseases or cancer, research is 
performed for the prenatal diagnosis of genetic illnesses and the discovery of carriers, and 
polymorphic DNA which extracts and analyzes human genes. In addition, for example, 
recently methods which analyze the diagnosis of viral diseases such as hepatitis B and 
human papilloma virus, neoplasms, and hereditary diseases such as blood diseases and 
analyze DNA continue to flourish. In addition, as represented by the Human Genome 
Project, research which analyzes all human genetic information is prospering and it is 
necessary to prepare unaltered genomic DNA which maintains macromolecular 
conditions without damage for gene analysis. However, DNA molecules of higher 
organisms, unlike prokaryotes and eukaryotes, and especially like humans are massive. In 
order to easily extract by stirring and the like, even being sufficiently cautious, total 
breakdown occurs, and extraction of the DNA molecule is impossible. In addition, 
nucleoprotein, such as chromatin, is strongly bonded to DNA molecules, and as it is also 
necessary to eliminate these proteins, it is not possible to prepare perfect DNA. 
[Amendment 2] 

[Document Amended] Specification 
[Item Amended] 0006 
[Method of Amendment] Modification 
[Amendment Details] 

[0006] The surfactants that are used in this invention, generally, if used for nuclei acid 
strand extraction from cells, bacteria, etc. have been cited as cationic surfactants, anionic 
surfactants, nonionic surfactants, and amphoteric surfactants, etc., though not especially 
limited to these types of surfactants, and concretely, for example, cationic surfactants, 
such as a dodecyltrimethylammonium bromide, dodecyl trimethylammonium chloride, 
and cetyl trimethylammonium bromide, and sodium dodecyl sulfate (hereinafter referred 
to as SDS.), anionic detergents, such as cholic acid sodium, a sodium deoxycholate, and 
N-lauroyl sarcosine sodium, polyoxyethylene octyl phenyl ether (for example, Rome and 
Haas trade name: triton X-100 grade), polyoxyethylene sorbitan monolaurate (for 
example, the Kao Corp. trade name: Tween 20 grade), polyoxyethylene sorbitan 
monooleate (for example, the Kao Corp. trade name: Vienna 80 grade), amphoteric 
surface active agents, such as nonionic surface active agents, for example, 3-[(3- 
cholamidopropyl) dimethylammonio]-l-propanesulfonate, such as an n-octyl-P-D- 
glucoside, and phosphatidylethanolamine, are mentioned preferably. Among the 
chemicals mentioned, especially when, for example, destroying hemocytes, nonionic 
surfactants such as polyoxyethylene octyl phenyl ether, along with proteolytic enzymes, 
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are preferably used as well as anionic surfactants such as SDS, when destroying nucleic 
membranes and nucleoproteins. The concentrations used are of wide variation according 
to the kind of surfactant used, for example, for the case of a surfactant which destroys 
hemocytes, the concentration within the solution has been cited as normally 0. 1-3.0%. In 
addition, for the case of using proteolytic enzymes with surfactants for destroying nucleic 
membranes and nucleproteins, the concentration in the solution has been cited as 
normally 0.1-3%. 
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